Mo(tfd)3 and Mo(tfdCO2Me)3 was synthesized as reported in previous publications.
3,4
The synthesis of PDPP-4T and PDPP-T-TT-T also followed the previously reported procedures.
5,6
Film preparation and doping.
Single-Solution processing:
P3HT was dissolved in chloroform with a concentration of 15 mg/ml; PDPP-4T, PDPP-T-TT-T, FeCl3, and Mo(tfdCO2Me)3 were dissolved in chloroform with a concentration of 5 mg/ml; and Mo(tfd)3 was dissolved in chloroform at 3 mg/ml. The doped solutions were stirred on a hotplate at 40 °C for 10 hours before the films were fabricated by dropcasting the solutions onto glass substrates. Films thicknesses ranged from 2 to 4 µm. All steps were completed in a nitrogen filled glovebox with H2O < 0.1ppm, and O2 < 0.1 ppm.
Sequential processing doping:
RR-P3HT was dissolved in chlorobenzene with a concentration of 15 mg/ml; FeCl3, and Mo(tfdCO2Me)3 were dissolved in acetonitrile at 5 mg/ml. RR-P3HT was spin-cast at 3000 rpm for 30 seconds; then FeCl3, or Mo(tfdCO2Me)3 solutions were dropped on top of the RR-P3HT films and let sit for 10 seconds before spinning off the dopant solution at 3000 rpm for 30 seconds. Films thicknesses ranged from 40 to 60 nm. All steps were carried out in a nitrogen filled glovebox with H2O < 0.1ppm, and O2 < 0.1 ppm.
Film characterization.
UPS measurements were conducted in a PHI 5600 UHV system with an 11 inch diameter hemispherical electron energy analyzer with multichannel detector. The photon source for the UPS measurements was an Excitech H Lyman-α lamp (E-LUX TM 121) coupled with a 90⁰ ellipsoidal mirror (E-LUX TM EEM Optical Module) with a dry nitrogen purge of the beam path at 7.5 -8.5 Torr, as detailed in a previous publication. 7 All UPS measurements were recorded with -5V sample bias and a pass energy of 5 eV. IPES measurements were performed using the Bremsstrahlung isochromat mode with electron kinetic energies below 5 eV to minimize sample damage. The low energy electron beam was generated using a Kimball Physics ELG-2 electron gun equipped with a low temperature (1150K) BaO cathode. Emitted photons were collected and focused with a fused silica bi-convex lens into the photon detector that consisted of an optical bandpass filter (214 nm, Andover corporation) and a photomultipler tube (R585, Hamamatsu Photonics). The IPES measurement was performed with a custom LabVIEW program. During all IPES measurements the UHV chamber was blacked-out to exclude external light and samples were held under a -20 V bias.
Grazing incidence wide angle X-ray scattering:
GIWAXS measurements were carried out at the 11-BM Complex Materials Scattering profilometer.
8
A custom-built setup was used to check Seebeck coefficient (more information in our previously report). 8 100 nm bismuth (calibrated α = -62.1 µV/K) and 50 nm of gold which work as the electrodes and electrical contact pads was thermally evaporated.
Optical absorbance:
UV-Vis absorbance spectra were measured with an Ocean Optics QE Pro high performance spectrometer; Raman spectra were measured with a thermo scientific DXR Smart-Raman. UV-Vis-NIR absorbance spectra were measured at normal incidence using a grating-type spectrophotometer in the photon energy regions of 0.5-3eV at room temperature. The absorption spectra are calculated using ( ) = − (
.
Atomic Force Microscopy (AFM):
The samples were characterized using Park XE-70 Atomic Force Microscope.
CV measurements:
Cyclic voltammetric measurements were conducted in a single-compartment electrochemical cell with three electrodes: working electrode (glassy carbon, geometric area of 0.07 cm 2 ), reference electrode (Ag/AgCl) and the counter electrode (Pt wire).
Cyclic voltammetric (CV) curves were recorded by an electrochemical workstation (CHI-760D, CH Instruments, Austin, TX). For working electrode, an active material was cast on glassy carbon current collector. The electrochemical measurements were recorded after purging with N2 for 10 min. 0.1 M tetrabutylammonium hexafluorophosphate in chloroform was used as the supporting electrolyte. All sample had a concentration of ca.
0.2 mM and were measured with a scan speed of 50 mV*s -1 .
